The behaviour of eight large benthopelagic fish taxa was analysed using video records collected with an ROV on the mid-slope of the Bay of Biscay. The studied species were roundnose grenadier (Coryphaenoides rupestris), orange roughy (Hoplostethus atlanticus), deep-sea scorpionfish (Trachyscorpia cristulata echinata), and black scabbardfish (Aphanopus carbo), as well as individuals belonging to the families Alepocephalidae, Chimaeridae, and Scyliorhinidae, and to the order Squaliformes. Some of the observed fish were grouped at the family taxonomical level due to visual identification to species being unreliable. Assumed natural (undisturbed) behaviour was categorised in terms of (i) body position with respect to the bottom sea floor, (ii) locomotion and (iii) activity type. Reaction (disturbed) behaviour to the approaching ROV was categorised in terms of reaction type and distance. Environmental conditions (depth, temperature, current speed and direction) and observation conditions (ROV speed and altitude) were recorded simultaneously with fish observations in order to explain the variability in the observed reaction behaviour. A multivariate analysis identified three groups corresponding to a behaviour pattern of a sit and wait strategist (one species), an active bottom hunter (three taxa), and a group of species displaying little activity in their bottom habitat (three taxa). At species level the environmental and observation conditions had some explanatory power for individual behaviour variability. It is hypothesised that the varied behaviour of mid-slope benthopelagic fish contributes to maintain a high species diversity of large predators in an energy poor environment.
Introduction
Species richness of near bottom deep-sea fish displays a maximum at mid-slope depths, from about 750 to 1500 m (Gordon 1986; Haedrich and Merrett 1988) . The disturbance theory postulates that species diversity is the result of a trade off between intensity and frequency of disturbance and system productivity (Huston 1994) . Applying this theory to the deep-sea (from the shelf break to the abyss), which is generally characterised by low disturbance and low productivity, intermediate species diversity might be predicted. However, the deep-sea environment is rather homogenous at a large spatial scale allowing individuals to disperse without encountering physical boundaries. This lack of boundaries, in conjunction with local adaptations triggered by paleoclimatic events (White 1988) , might have resulted in the somewhat conflicting arrangement that at a local scale numerous deep-sea fish species co-occur, while at a global scale species diversity of the deep-sea is not particularly high (Merrett and Haedrich 1997) . Furthermore, the low productivity of the deep-sea ecosystem is believed to have led to morphological and life history adaptations. Most deep-sea fishes are long lived with low growth rates, and display adaptations to low energy consumption (Cailliet et al 2001) . This results in a striking diversity of morphologies (Merrett and Haedrich 1997) . Examples of these adaptations are the large eyes providing visionary aid, neutral buoyancy for maintaining position without energy expense and prominent sensorial organs such as a large bony head or prominent lateral line (Collin and Partridge 1996; Merret and Haedrich 1997; Wagner 2002) . Diversity in morphological adaptations may have its counterpart in behavioural characteristics. This study provides evidence for this hypothesis.
Deep-sea fish behaviour is currently poorly described. Some knowledge of fish position in the water column, foraging strategy and general behaviour has been inferred from morphology, anatomy, and the diet of captured individuals (Mauchline and Gordon 1986 , and literature therein). Limitations to these indirect observations are obvious. Studying natural behaviour of marine species demands dedicated observations, and for those found at great depths, advanced complex technology is required to carry out this work. As well, different methods of observations provide information on different aspects of natural behaviour. Experiments using baited landers allow an assessment of foraging behaviour and swimming speed (Bailey and Priede 2002) . Acoustic measurements can determine diel vertical migrations of groups or, in some particular conditions, of individuals, without providing species identification. However we note that in recent times species specific target strength data has become available to improve on the acoustic identification and behaviour of certain deep-sea fish (Simmonds & MacLennan 2005) . Archival tags provide information on small scale vertical and horizontal migrations (Sibert et al 2003; Muysl et al 2003) . Finally in situ visual observations using such tools as cameras, submersibles, and remotely operated vehicles (ROV's), provide an insight into small-scale fish distributions, their relationship with local conditions, and information on individual behaviour by species (although we note that with the presence of these tools natural behaviour is affected). While previous in situ visual observation work has primarily been dedicated to relatively small species behaviour, research has also focused on observing some of the large deep-sea species discussed in this paper Uiblein et al. 2002 Uiblein et al. , 2003 . This earlier research has provided some of the first insights into the diversity and flexibility of slope species behaviour using observations from a submersible. In this study, we build on this earlier work to test three hypotheses (1) large predators of the deep-sea fish community display speciesspecific behaviour, (2) differences in natural behaviour imply differences in reaction behaviour to disturbance, here created by an ROV, (3) large deep-sea predators adjust their behaviour to the temporal variability of the deep-sea environment. To this end, data on environmental conditions and videos of fish behaviour of eight large mid-slope fish taxa were recorded simultaneously on the continental slope of the Bay of Biscay, north-east Atlantic.
The environmental conditions in the Bay of Biscay are diverse. The topography of the seabed is mainly rugged with canyons and ridges alternating with hard cliff faces. Flat slope areas are restricted to a few small terraces. Depending on their location, the bottom of canyons can accumulate thick layers of sediment material or display rocky bottoms and erosion facies. Fish abundance over the rough bottom area is poorly known as most of the area is unsuitable for bottom trawling. On the trawlable terraces, the fish density appears very low, but it is uncertain whether these observations reflect the overall fish density in the Bay of Biscay. Limited data suggest fish density patchiness is related to small-scale topography and hydrological conditions Trenkel et al. 2004a) . In terms of hydrology, the studied depths in the Bay of Biscay between 1100-1500 m, are characterised by the rather saline and warm (5 to 9.5 °C) Mediterranean waters influencing the region (Vangriesheim 1985) . Three sites were sampled in the same depth range over several tidal cycles in order to repeat sampling over depth, temperature and current speed ranges (Figure 1 ). This design allowed to observe natural and reaction behaviours of the eight taxa under a range of environmental conditions.
Material and Methods

Data
Population densities and ethology of near bottom deep-sea fish were studied with the ROV Victor 6000 at three sites on the continental slope, between 1100-1500 m, in the Bay of Biscay, August 2002 (Figure 1 ). Sites 1 and 2 were two flat terraces, and site 3 was a canyon. At all sites, research operations were identical and covered a 72 hour period (Trenkel et al. in press) . Visual strip transects were carried out to assess fish population densities (Trenkel et al. 2004b) . Environmental (temperature and bottom depth), and survey design (ROV distance from the bottom, speed, and direction) parameters were recorded simultaneously. Current speed and direction were measured continuously throughout the 72 hour period from a moored lander located at the deepest part of the survey area at each of the three sites. Observed instantaneous currents followed the tidal cycle and varied from 0 to 30 cm.s -1 .
The species considered were Aphanopus carbo, Coryphaenoides rupestris, Hoplostethus atlanticus and Trachyscorpia cristulata echinata. Individuals were grouped at family level for the Alepocephalidae, Chimaeridae, and Scyliorhinidae and at the order level for Squaliformes, where the families Centrophoridae and Dalatiidae were represented. For these supra-specific taxa, accurate in situ visual identification was not always possible and only a proportion of individuals belonging to these families were identified to species level (the species list is provided in Table  1 ). Based on a general description of natural (undisturbed) and reaction (disturbed) behaviour (Table 1) , three categorical variables with four levels each were used to describe the natural behaviour of each individual fish. These variables were position in the water column, locomotion type, and activity level ( Table 2 ). The position in the water column described the distance off the bottom the fish was in terms of number of body lengths. This metric was used because the ROV was not equipped with a system allowing for image scaling, although a small set of measures were collected using a laser system (Rochet et al. in press) . Locomotion indicated what type of motion the fish carried out, while activity indicated how the fish carried out a particular motion. For example, a fish may drift (locomotion) completely passively (no body activity), or it may control the drift by fin movements. General reaction of each specimen to the approaching ROV was classified using two variables: reaction type and distance (Table 2) . Reaction type had five categories ranging from no reaction to active movements. The reaction distance indicated whether individuals reacted before appearing in the observation field of the ROV, far from (while already seen) or at close distance to the ROV, or not at all. Reactions before first appearance were detected by arrival of individuals into the video field at high speed. In that particular case, the reaction type could not be categorised. This categorisation of the fish behaviour relies upon assumptions of which behaviour is natural and which is disturbed. As natural behaviour, we only categorised behaviour according to three variables. Considering that an observed behaviour was natural, does not mean that an individual fish did not detect the ROV or did not change its vigilance level or any internal activity. However it implies that the fish did not change its behaviour before appearing in the video field (e.g. that fish sitting on the bottom or drifting were not swimming before detecting the ROV). The large number of observations in this study and in previous ones Uiblein et al., 2002 Uiblein et al., , 2003 allowed for training and identification of what are the reactions of species and identification of clues of possible disturbance. As clues of reaction before first appearance on the video screen were taken, for example, conspicuous sediment plumes. Their absence allowed to ascertain that fish observed sitting had done so for some time and that those swimming had not just left the bottom. Lastly, some anecdotal observations helped us to build further our paradigm of natural behaviour of the studied species. Good examples of this are the observation of a drifting orange roughy during a stationary bait experiment with the ROV and cases where the arrival of the ROV or submersible from behind a feature (crest, cliff, roc) that hid the vehicle approach did not change the observed behaviour. Nevertheless, it should be considered that what is dealt with throughout this paper is an "assumed natural behaviour".
The environmental variables were ambient water temperature, current speed at the mooring location, and depth. Survey design variables were ROV cruising speed and altitude above the sea floor (measured to the bottom of the ROV). The angle between the current direction and the ROV survey direction was used to create a variable indicating observations carried while surveying with the current (angle between current direction and ROV motion ≤ 60°), across the current (>60° and <120°), and against the current (≥ 120°). The environmental parameters depth and water temperature were measured at the ROV while the current was measured at the lander. The distance between the two did not allow us to ascertain that the same current speed and direction prevailed. Therefore, the hypotheses that the current prevailing at the lander could be used as a proxy for the current at the ROV, was tested in the following way. At a given location, the internal tide induces cycles in current speed and direction, and water temperature (Trenkel et al., in press ). Hence, the temperature varied for a few degrees over the tidal cycle during our experiments. For the temperature measured at the ROV the tidal variations combined with changing depth (Figure 2 ). The tidal cycle was very clear on the terraces (Figure 2a ,b) and more disturbed in the canyon (Figure 2c ). There was generally good correspondence between temperature recorded at the ROV and at the lander so that the related current cycles should have been similar. In total 324 individuals of the studied species listed in Table 1 were observed. A small number of individuals appeared for too short a sequence or at too great a distance for complete categorisation hence the numbers of observations in the different analyses were slightly lower.
Analysis
Multiple correspondence analysis (MCA) was used to investigate the general relationship between taxon, natural and reaction behaviour, environmental variables, and survey design variables. The environmental (depth, temperature, current speed and direction) and survey design (ROV speed and direction) variables were treated as illustrative, which means that they were not included in the statistical treatment as such but only projected onto the axes. All these variables were tested as both continuous and categorical, with three categories for each variable.
Individuals with missing data for natural and reaction behaviour were excluded from the MCA as well as the taxon Aphanopus carbo which was represented by five individuals only, resulting in a data matrix of 291 individuals and six active variables. Water temperature recorded at the ROV (fine broken line) and at the lander (continuous bold line) at the three studied sites. The about 12 h cycle is due to the tide. The trends of increasing temperature over the all dives at the two first sites were due to decreasing depth during the dives, this did not appear at the third site as the ROV restarted 3 times from the lander depth. Moreover, at this site the topography probably interfered with the tidal cycle.
Moreover, the relationships between natural and reaction behaviour and environmental and survey design variables were explored separately for selected species. Individuals of a given species were sorted according to their locomotion type and reaction respectively using regression trees. Regression trees are an exploratory tool suitable for modelling categorical response variables using categorical explanatory variables (Breiman et al. 1984) . Individuals are recursively split into two groups using the explanatory variables (here factor levels). At each node the split leading to the greatest difference in the response variable is selected. The final results are clusters of similar individuals. At each node the split leading to the greatest difference in the response variable is selected, and these splits are represented as branches of a tree. The leaf nodes of this tree are clusters of similar individuals. By looking at the values of the variables characterising each branch, a description of the final cluster is obtained. Locomotion type was chosen as the natural behaviour variable for the regression tree analysis as it might depend on environmental conditions. Explanatory variables tested were water temperature, depth and current speed. In addition, the position in the water column was included for obvious reasons, e.g. individuals sitting on the bottom cannot show any locomotion.
The reaction variable analysed was a combination of reaction type and reaction distance with three categories: no reaction, reaction before detection (appearing in view), and reaction after detection. The environmental variables were as stated above, water temperature, depth and current speed. The survey design variables were ROV speed over ground, ROV altitude, and observation angle (see data section).
Results
Assumed natural behaviour and reaction by species
A majority of individuals attributed to the species Aphanopus carbo (75%), to the family Scyliorhinidae (87.3%) and to the order Squaliformes (82.1%) were observed swimming actively (Table 3) . In contrast a majority of Alepocephalidae (70.6%) were observed drifting and 100% of individuals belonging to the species Trachyscorpia. cristulata echinata were immobile while sitting on the sea floor. Chimaeridae, Coryphaenoides rupestris and Hoplostethus atlanticus displayed all four locomotion types to varying degrees, except C. rupestris which was never observed immobile.
About half the individuals of Alepocephalidae, C. rupestris and H. atlanticus reacted to the ROV at some point (Table 4 ). In contrast, nearly all Chimaeridae, Scyliorhinidae and Squaliformes and a few T. c. echinata reacted. As the reaction of 40% of the small A. carbo (N=5) sample was not interpretable, the result only indicate that this species occurs in small numbers close to the bottom and displays some reaction. 
Multi variate analysis
The first two factors of the MCA represented respectively 19 and 15% of the total variance, i.e. 34% of the variance in the first factorial plane (Figure 3 ). This varied little when some changes were made in the variables used in the analyse (for exampled removing one of the reaction variables made almost no change as those variables were strongly correlated).
The MCA defined three species groups. Group 1 consisted of one single species, T.c. echinata, for which most individuals were seen completely inactive. This group was identified by the behavioural categories "Sitting" on the bottom, "No activity", "No locomotion". In terms of reactive behaviour, the species was characterised by "No reaction", however, this category was rather central in the factorial plane as, within other taxa, a proportion of individuals did not react to the ROV (Figure 3 ). This first group was strongly separated from the other two groups. Group 2 included H. atlanticus, C. rupestris and Alepocephalidae. These taxa were characterised by the categories "touching the bottom" to "less than one body length" from the bottom, "station holding" or "drifting" and "no" to "slight reaction" to the ROV. Group 3 was composed of Squaliformes, Scyliorhinidae and Chimaeridae and was associated to "more than 1 body length", "forward movement", "swimming" and "move in reaction to the ROV". Clearly the MCA results reflect that these associations are not strict and that some modalities were intermediate between two groups rather than associated to only one particular group (e.g. the modality "No reaction" was intermediate between groups 1 and 2). Shark species belonging to the Squaliformes order and the Scyliorhinidae family, tended to be higher in the water column, where they were observed to be swimming and often reacting to the ROV (sometimes reacting before detection). Chimaeridae appeared rather intermediate in their behaviour, most often reacting to the ROV and so resembling the sharks, but their assumed natural behaviour was closer to that of C. rupestris.
Considering the relationship between the behavioural variables, reaction to the approaching ROV was stronger and occurred earlier as the fish were initially seen to be higher in the water column and more active. Environmental variables were poorly correlated with the factors of the MCA indicating that there was no general relationship between behavioural and environmental factors common to all species.
Single species analysis
The regression tree analysis allowed the environmental variables to be ordered by levels of importance to explain locomotion behaviour for the three taxa showing varied locomotion types (Chimaeridae, C. rupestris and H. atlanticus). For Chimaeridae, position in the water column was most determining for the exhibited locomotion behaviour (Figure 4a ). A majority (9/11) of Chimaeridae touching the bottom were holding station, as well as a majority (8/13) of individuals observed at some distance from the sea floor where current speed was low (< 6.2 cm.s -1 ), and a majority (7/12) from greater depths (below 1388 m) where current speed was high. A majority of swimming Chimaeridae (10/19) were found in strong currents at shallower depths. In contrast, C. rupestris (Figure 4b ) and H. atlanticus (Figure 4c ) locomotion behaviour was explained by current speed. Strong currents (> 11.2 cm.s -1 ) accounted for a majority (9/16) of C. rupestris showing drifting behaviour. Where current speed was lower, a majority (12/14) of C. rupestris sitting or touching the bottom were holding station and a majority (7/13) of individuals higher up from the bottom were holding station when the current speed was lowest. At intermediate currents velocity (>5.2 and <11.2 cm.s -1 ) C. rupestris was observed swimming and holding station at both deep and shallow depths. For H. atlanticus, current speed was the only variable that had explanatory power; and individuals were predominantly holding station in strong currents (> 8.7 cm.s -1 ) or displaying all locomotion type behaviours in weaker currents. c)
The regression analysis of the conditions under which studied species reacted to the ROV showed that strong currents (> 4.9 cm.s -1 ) and higher temperatures (> 6.2 °C) resulted in a higher proportion of Chimaeridae to react to the approaching ROV (Figure 5a) . A similar but weaker result was found for H. atlanticus (Figure 5c ). Squaliformes were found to be more reactive at greater depths, below 1250 m (Figure 5d ). The picture was more complex for C. rupestris (Figure 5b) . Individuals primarily reacted when they were in higher temperatures (> 7.2 °C) and already swimming or drifting, or when the ROV was close to the sea floor (<1.2 m) . By design the ROV was consistently held at about 0.8 m above the sea floor, unless uneven topography or strong currents required a higher altitude. No reaction behaviour occurred more often at the lower temperatures. The effect of ROV survey speed on fish reaction probability was unclear and seemed to have been linked to temperature. 
Discussion
Behaviour and environment
Single species analyses indicated that both the natural behaviour and the reaction to the ROV behaviour depended to some degree on environmental conditions. This environmental effect was also seen in a previous study for a different set of species (Uiblein et al. 2003) . However, when all species were combined (MCA), no consistent effect of environmental conditions was evidenced. Hence adjustment to local or temporal conditions appears to be species-specific and different sets of variables appear to explain each species behaviour. The differences in locomotion types according to current and depth show that fish adjust their behaviour to both permanent (depth) and temporal (current) conditions. Reaction also varies according to these conditions, and effects may be direct, e.g. fewer reactions at greater depths for Squaliformes, or indirect, e.g. current speed that can induce a higher level of activity may be a factor for higher vigilance leading to higher reactivity.
Representativeness of behaviour
Our study showed that ROV speed and current direction relative to ROV motion may have an effect on the reaction for some species. However, most observation conditions were kept stable so that observed reactions might have depended upon the particular observation conditions. For example, in this study it was observed that Hoplostethus atlanticus and Coryphaenoides rupestris had similar reactions. However, in a previous study where approaches to these species were made at a closer distance to attempt catching and in situ tagging, only H. atlanticus could be caught in a scoop net manipulated by the submersible arm ), while C. rupestris consistently kept some distance form the submersible. Hence, species that behaved in a similar way under our observation conditions may behave differently when other disturbances are introduced.
The same pair of species have illustrated in another study that observed behaviour may apply only to the habitat type where the observations were made. Koslow et al. (1995) observed far distance (>50 m) avoidance reactions for H. atlanticus in open water and interpreted this as an escapement behaviour from cetaceans. This avoidance behaviour was not seen in the present study, and it was speculated not be a useful behaviour response close to the bottom where a safe, resting habitat is available. When H. atlanticus occurs well off the bottom, this species might be more active (Koslow 1996) , which implies higher detectability and hence far distance avoidance is to be expected. In contrast, C. rupestris might not display higher reactivity in the open water. An individual C. rupestris was observed at 75 m above the bottom during a previous submersible dive ). This individual reacted at close distance from the submersible that was descending from the surface at less than 1 m.s -1 (P. Lorance, visual observation without video record). Some species were grouped at the family and order level for sample size reasons. However, the behaviour of these species might have some species-specificity. This was obvious for Squaliformes, within which, Deania calcea was seen swimming relatively fast and keeping a considerable distance from the ROV while Dalatias licha was swimming slowly, was closer to the bottom. and did not seem disturbed by the ROV. As behaviours are species specific, the results drawn at higher taxonomical level only provide an overview.
Species life history
The grouping of species from the MCA reflects common features shared by phylogenetically and ecologically distant species, however, if analysed at a more detailed level, species within the same MCA group can show different behaviours. In the MCA, Trachyscorpia cristulata echinata is clearly set apart. It is probably almost undetectable to predators due to its red colour, which is equivalent to black in the deep-sea environment (Merrett and Haedrich 1997) , and its motionless sitting on the bottom behaviour. Thus, T. c. echinata showed little avoidance behaviour and most often did not react to the ROV. The reactivity of other species can be regarded as complementing their more active natural foraging strategy that implies a higher detectability. Most individuals of species belonging to group 2 of the MCA (Alepocephalidae, C. rupestris and H. atlanticus) were seen close to the bottom and their locomotion was characterised by drifting and moderate reaction to the ROV. Finally, the group 3 species are active hunters (sharks and chimaeras), that swim higher up in the water column and often show a strong reactive behaviour. Such reactions can be explained by the fact that these more active species are also more detectable by their predators, hence they are often required to be able to respond quickly. However, these reactions may also reflect the antagonistic and competitive behaviour within this group rather than an avoidance behaviour from potential predators.
The studied species are large and mobile predators of the mid-slope, they are also a potential prey of each other and of rare and larger deep-sea dwellers. Therefore, observed behaviour can be regarded as a trade off between foraging and predator avoidance (Hobson and Chess 2001) .
Although the diet of T. c. echinata is unknown, we can infer from feeding habits of other Sebastidae and related Scorpaenidae, that it might consist of small fish and crustaceans ( Pallaoro and Jardas 1991; Bowman et al. 2000; Hobson and Chess 2001; Orlov and Abramov 2001) . This assumed diet combined with the sit and wait behaviour implies an ambush predator (Table 6) . Such a feeding strategy may involve several behavioural patterns. We only observed the "passive" phase, characterised by a minimisation of activity including a low exhalation rate (Laurenson et al. 2004) , and some disturbance reaction, without witnessing actual feeding.
Alepocephalidae barely reacted to the approaching ROV, responding only at the last minute. This inherently slow reaction might be due to the fact that they are difficult to detect by a predator because of their dark colour and motionless drift. As well the neutral buoyancy of Alepocephalidae gained from a weak skeleton and watery body (Merrett and Haedrich 1997 ) may add to reducing detectability. Alepocephalidae feed on large and immobile gelatinous plankton and therefore would have a fairly passive feeding pattern, another factor contributing to this species slow response reaction. In the same MCA group, C. rupestris feeds on small pelagic crustaceans and H. atlanticus on large prey organisms, primarily fish, cephalopods and crustaceans (Mauchline and Gordon, 1984a,b; Rosecchi et al. 1988; Bullman and Koslow 1992) . These prey species are known to occur tens to hundredths of meters off the bottom and display a diurnal vertical migration behaviour (Mauchline and Gordon, 1991) . There is no known account of behaviour of Alepocephalidae and C. rupestris in the open water. Their morphology and low energetic rate suggest that they behave as drifters, waiting for an opportunistic encounter with their pelagic invertebrate prey (Mauchline and Gordon 1983a; Mauchline and Gordon 1984a; Mauchline and Gordon 1986 ). This weakly active pelagic foraging strategy would contrast with the active hunting necessary for H. atlanticus to feed on its larger and efficiently swimming prey.
The observed behaviour of the three chondrychthyan taxa (Squaliformes, Scyliorhinidae, Chimaeridae) may be linked to their active search for epibenthic or demersal food which is inferred from their diet (Table 6 ). "These [large sharks] fish consumers probably cruise above the surface of the seabed where they locate their prey" (Mauchline and Gordon 1983b) . Deep-sea Chondrichthyans seem to be almost permanently searching for food although some Scyliorhinidae as well as some Chimaeridae may at times also display sitting or resting behaviour (Lorance et al. 2000) . (1) 1: Mauchline and Gordon (1986) ; 2 Mauchline and Gordon (1985) ; 3 Mauchline and Gordon (1984a) ; 4: Mauchline and Gordon (1983a) ; 5: Bulman and Koslow (1992) , Rosecchi et al. (1988); 6: Bowman et al. (2000) , Hobson and Chess (2001) , Orlov and Abramov (2001) , Pallaoro and Jardas (1991) ; 7: Mauchline and Gordon (1984b) , Dubuit (1978) ; 8: Mauchline and Gordon (1983b) The distribution in the water column given here does not correspond to our observations in the near bottom environment but to the general literature and field knowledge.
From the few data we have on Aphanopus carbo, this species displayed varied natural and reactive behaviour (Table 1) . A. carbo occurs high up in the water column (Nakamura and Parin, 1993) and has fine swimming and sensory adaptations for predation on highly mobile prey (Bone 1971) . The observed vertical and controlled drift or holding station from this study may correspond to one phase of its predatory behaviour inferred by Bone (1971) .
As expected, each species displays a combination of life history traits, behaviour, food, habitat, in other words an ecological niche. The diversity of behaviour of midslope species is then both a response to the diversity of the energy pathways to this fish community, as described in Gordon (1979) , as well as a mechanism allowing for numerous predators to co-occur in an energy poor environment.
Consequences for fisheries management
Knowledge of reaction behaviour can be used to evaluate as to whether a given species might be particularly vulnerable to trawling. Species such as Trachyscorpia cristulata echinata that do not react would be caught proportionally to the swept area of a the trawl. In contrast, species that show avoidance behaviour that forces them to swim ahead of the trawl or into the trawl path, will be herded by the net and consequently caught in higher numbers than those corresponding to their population density estimates. Hoplostethus atlanticus has been reported to be herded in front of a fishing trawl (Koslow et al. 1995; McClatchie et al. 2000) . Our results suggest that, oryphaenoides rupestris might also be expected to be herded, given its observed avoidance behaviour towards the sea floor. Another consequence of the reaction behaviour is that population density estimates derived from trawling surveys using the swept area method might be seriously misleading in terms of relative species frequencies and densities, unless the actual swept area can be estimated correctly for each species. For the studied species, we can hypothesise that swept area estimates of densities might be correct for T.c. echinata, provide overestimates for C. rupestris and H. atlanticus that tend to herd in front of trawls, and may be underestimates for species that escape the trawl at far distance (some Squaliformes) or upwards (Aphanopus carbo). However, this conjecture remains speculative and needs to be confirmed by field studies, which unfortunately are costly at mid-slope depths.
